The taste bristles of the adult labellum develop from the labial discs within the first 30 hr of pupation. The neuronspecific antibody Mab22C10 and the tissue-specific 9-galactosidase activity in the A37 strain were used as cell markers for the developing sensilla. These experiments revealed that the sensory progenitors of all the labeller bristles are specified in three waves occurring 0, 6, and 16 hr after pupation. The incorporation of the thymidine analog 5-bromo-2'-deoxyuridine (BrdU) into the cells of the developing proboscis further supports the temporal pattern of the sensillum specification. Mitotic activity in. the bristles specified in the first wave is completed before the next wave is initiated. The eight cells that constitute a single bristle share a common lineage. The trichogen and tormogen cells are siblings from a single progenitor and the thecogen and the five neurons share a common ancestry. Our results provide a hasis for the identification of molecules that specify the development of the polyinnervated hristles of the adult and the specification of neurons with different stimulus specificities. o
INTRODUCTION
The body segments of adult Drosophila are invested with a relatively invariant pattern of sensory bristles. The bristles are innervated by one or more bipolar neurons and, in addition, possess accessory cells which are specialized to form the socket, the shaft, and the sheath surrounding the neuron(s). The majority of the bristles are monoinnervated and mechanosensory in function. Studies on the sensillae of the wing and notum and the bristles of the compound eye have shown that these develop by a mechanism comparable to the monoinnervated sensilla of the embryonic peripheral nervous system (Ghysen and Dambly-Chaudiere, 1989; Hartenstein and Posakony, 1989; Cagan and Ready, 1989; Bodmer et aL, 1989) . The cells of a single sensillum derive from a To whom correspondence should be addressed. single progenitor cell, the sensory mother cell (SMC), by a series of cell divisions (Lawrence, 1966; Bate, 1978) . The SMC is one of a group of epidermal cells which have acquired the competence to become neurogenic by the action of the proneural genes (Garcia-Bellido and Santamaria, 1978; Alonso and Cabrera, 1988) . Wiggelsworth (1940) proposed that the choice of one cell among the "equivalence group" to become the progenitor of the sensory bristle was established by a mechanism of lateral inhibition. The molecular implications of lateral inhibition and the neurogenic loci that determine it have been studied in some detail (Simpson 1990; Heitzler and Simpson, 1991) .
Less attention has been paid to the mechanisms that develop the polyinnervated sensilla in the embryo and the adult. The determination of the chemosensory lineage is regulated by a hierarchy of genes involving an interaction of cut and pox-neuro (pox* (Dambly-Chaudiere et at, 1992) . The nuclear protein porn has been seen to express in the polyinnervated sensilla of larva and adults. The cut protein has been shown in SMCs of the external sense organs in the embryo and in its absence these organs are converted to chordotonal organs (Bodmer et aL, 1987) . In the developing wing disc, cut is expressed in the sensory progenitors of the chemosensory as well as the mechanosensory bristles on the wing margin (Jack et aL, 1991) .
The polyinnervated bristles in adult Drosophila are the chemosensory sensilla located on the labellum of the proboscis, tarsi, wings, and antenna (Hodgkin and Byrant, 1978) . A typical labellar taste bristle is innervated by one mechanosensory and four chemosensory neurons. Electrophysiological recordings from these sensilla have shown that one neuron responds to water, one to sugars, and two to salts (Rodrigues and Siddiqi, 1978; Fujishiro et aL, 1984) . The easily assayable functional specializations of these neurons make the taste bristle an attractive system in which to dissect mechanisms that determine specificities of neurons. Mutants have been isolated in a number of laboratories that alter the physiological properties of subsets of sensory neurons (Tanimura et aL, 1982; Arora et aL, 1987; Siddiqi et aL, 1989) . Studies on such mutants may well provide a handle on genes that act in the specification of different cell types. These studies require as groundwork a detailed analysis of the development of the labellar taste bristle.
MATERIALS AND METHODS
Fly stocks. Canton-Special (CS) and Oregon R strains were used for the wild-type analysis. A37 (Ghysen and O'Kane, 1989) and A101 (Bellen et aL, 1989) are enhancer trap lines bearing single insertions of P[lac-Z,ryl. All the stocks were grown on standard yeast-cornmeal medium at 25°C.
The white prepupal stage, which lasts 1 hr, was taken as the beginning (0 hr) of pupal development for all of our studies. The error in staging is therefore ±30 min. White prepupae were collected from bottles and allowed to develop on moist filter paper at 25°C to the desired stage. Staging is done in hours after puparium formation (APF). Adults emerge by 100 hr APF in the growth conditions of our laboratory.
Cuticle preparation. Severed adult heads were mounted on a drop of 35% Ficoll solution on a glass slide. The preparation was frozen in liquid N2 and sliced appropriately with a razor blade, under a dissection microscope. The sliced portions were coverslipped with a drop of Faure's solution (34% v/v chloral hydrate, 13% v/v glycerol, 20 mg/ml gum arable, and 0.3% cocaine chlorohydrate).
f3-Galactosidase activity staining. Dissected preparations were fixed in 2% paraformaldehyde and 0.5% glutaraldehyde in phosphate-buffered saline (PBS) for 10-15 min at room temperature. They were washed in PBS with 0.3% Triton X-100 (PTX) and incubated at 37°C overnight in staining solution (20 mM NaPO4 buffer (pH 8), 150 mM NaC1, 1 mM MgCl2 , 3.1 mM K3[Fe(CN)61 and K4[Fe(CN)6], 0.3% Triton X-100, and 0.2% X-Gal) as described in Simon et al. (1985) . Stained samples were dehydrated through an increasing alcohol grade, cleared in xylene and mounted in DPX.
Immunohistochemical staining. Monoclonal antibody 22C10 was kindly provided by S. Benzer, Caltech, and the antibody to bacterial 3-galactosidase was a gift from R. White, University of Cambridge, United Kingdom. We have used a modified protocol of Tomlinson and Ready (1987) for staining.
Staged pupae were dissected in Drosophila Ringer's solution (6.5 g/ml NaCI, 0.14 g/ml KCI, 0.2 g/ml NaHCO3, 0.12 g/ml CaC12, and 0.1 g/ml NaH2PO4 ) and the isolated discs were fixed in 2% paraformaldehyde, 0.75 M lysine, and 0.01 M Na-metaperiodate (NaI04) in 0.05 M phosphate buffer (pH 7.2) for 40 min at room temperature. After fixation, discs were washed in PTX and incubated with Mab22C10 (1:50 in PTX with 10% goat serum) for 1 hr at room temperature. After several washes in PTX and 10% goat serum, the samples were treated with an anti-mouse rabbit IgG coupled to horseradish peroxidase (HRP, Dakopatts Inc., 1:100 in PTX and 10% goat serum), for 1 hr at room temperature. They were then washed in several changes of PTX and HRP activity was visualized with 0.5 mg/ml diaminobenzidene in PTX and 0.009% H202. The reaction was monitored under a dissection microscope.
For staining with an antibody against 0-galactosidase, discs were fixed with 4% paraformaldehyde in PBS for 10 min at room temperature. The rest of the protocol was as described above. Stained discs were dehydrated through an increasing alcohol series cleared in xylene and mounted in DPX.
Labeling replicating cells with 5-bromodeoxyuridine (BrdLT). Staged pupae were injected with a solution of 1 mMBrdU (Sigma, St. Louis, MO) in PBS with the help of a glass micropipet (10-to 20-am tip diameter) connected to a 1-ml syringe by thin plastic tubing (1-mm inner diameter). After injection, pupae were incubated in a moist chamber to a desired stage and then dissected as described before. The isolated tissue was fixed with 4% formaldehyde in PEMS buffer (100 mM Pipes, 2 mM EGTA, and 1 mMMgSO4, pH 6.9), for 40 min, washed in PBS and denatured in 2.0 N HC1 for 30 min at room temperature. After several washes in PTX for 30 min the tissue was incubated with 1:50 dilution of anti-BrdU mouse monoclonal antibody (Boehringer-Mannheim) in PTX plus 10% goat serum, for 1 hr to overnight at room temperature. After several washes in PTX the discs were incubated with biotin-coupled anti-mouse antibody (Vector Labs) diluted 1:200 in PTX and 10% goat serum for 1 hr, washed in PTX, and treated with biotin-HRP:avidin complex according to the manufacturer's instruction. The HRP reaction was developed as described under Immunohistochemical Staining and the tissue preparations were restained with Mab22C10.
RESULTS

Pattern of Taste Bristles on the Labellum
There are 31-36 taste bristles on the adult labellum, organized in four rows placed about the anteroposterior axis (Fig. la) . We have adopted the nomenclature of Arora et aL (1987) which designates the bristles based on their size and their position on the labellum. The most medial row contains 10 small (S) recurved bristles 20-30 Aim in size (S1 to S10 in Fig. lb) . The eight bristles in the second row are somewhat larger measuring 30-40 gm in size. These "medium-sized" (M) bristles are designated DEVELOPMENTAL BIOLOGY VOLUME 155, 1993 M1 to M8. There is some variation in the numbers of bristles in these rows between animals; some animals may have 11 S and 9 M bristles. Three large prominent bristles (40-50 µm, L1 to L3) are placed in an ill-defined third row together with somewhat smaller intermediate bristles (I, to 14) (Figs. la, b) . The most peripheral row is occupied by seven small bristles (20-30 Am) designated P1 to P7. Most of the "S" and "M" bristles and possibly also the three "L" bristles are innervated by four chemosensory and one mechanosensory neurons (Falk et aL, 1976; Nayak and Singh, 1983) . The "I" and "P" bristles are atypical in their neuronal composition, being innervated by two or three chemosensory neurons in addition to the mechanosensory neuron (Nayak and Singh, 1983) . The stimulus specificities of the two chemosensory neurons in the "P" bristles are sugar and high salt, respectively (Arora et aL, 1987) . Two small bristles designated with asterisks in Fig. lb are monoinnervated and mechanosensory in function.
Apart from the neurons each bristle has three support cells arranged concentrically around the neurons (Falk et al., 1976; Nayak and Singh, 1983 ). The outermost cell-tormogen-forms the socket, the trichogen forms the shaft, and the thecogen ensheaths the neurons (Fig.  1c) . A fourth accessory cell which is placed on the basal side of the whole sensory cluster is postulated to be a glial cell.
The labellar bristles and their attendant neural processes to the subesophageal ganglion develop from a pair of labial discs during the pupal stage (Kumar et aL, 1979) . At the third larval instar stage each disc is a single epithelial layer 20-30 gm in diameter and is located ventrally near the mouth hook (Bodenstein, 1965) . The discs grow in size during the early part of the pupal period and fuse by 6 hr APF. The morphogenesis of the proboscis is essentially complete by 12 hr APF.
Temporal Pattern of Development of the Labellar Bristles
We have followed the development of the taste bristles on the labellum from their anlage in the labial disc during pupation using a number of cell marking techniques. The transformant lines A37 and A101 express /3-galactosidase in the sensory progenitors as well as their progeny in the embryonic sense organs (Ghysen and O'Kane, 1989; Huang et al., 1991; Goriely et al., 1991) . The patterns of fl-galactosidase activity in discs of A37 and A101 pupae were very similar and only results from the A37 line are presented here. The monoclonal antibody 22C10 has been used to follow the development of neurons in a number of systems (Fujita et aL, 1982) . Hartenstein and Posakony (1989) have shown that the antigen appears in the sensory progenitors of the polyinnervated sensilla on the margin of the wing disc before the first mitotic division. In most other systems, including the labial disc, this antigen appears somewhat later marking the products of cell division of the sensory progenitor.
These two markers allowed us to follow the formation of the overall pattern of development of the bristles on the labellum as well as to study the development of individual cells within each sensillum. We refer to the cells in the disc that will give rise to a single bristle in the adult as a prebristle cluster (PBC) and assign each cluster with respect to its adult position. Assignment was difficult since the individual discs seen at 0 hr APF fuse at 6 hr APF and undergo morphogenetic movements resulting in eversion of the head structures and flipping over of the proboscis from the dorsal to the ventral side in the adult.
A more unequivocal assignment could be made using the BrdU incorporation technique (Schubiger and Palka, 1988) . BrdU was injected into pupae at various times and the incorporation was visualized using an antibody against BrdU on the 26-to 30-hr pupal proboscis. At this stage the pupal proboscis is invested with its full complement of PBCs and closely resembles the adult form (see later). There is good correspondence between the PBCs and the bristles on the adult labellum. Furthermore, dissection and antibody staining of the pupal proboscis are relatively easy at this stage. Hartenstein and Posakony (1989) had previously shown that injected BrdU remains available for only 1 to 2 hr after injection, thus serving as a pulse of label. Only those cells which are in the S phase of their cell cycle during the duration of the pulse incorporate the label.
The first evidence of developing sensory cells in the undifferentiated labial disc was observed at the formation of white prepupa (0 hr). Staining of labial discs from the A37 transformant line at this stage with an antibody against bacterial 0-galactosidase revealed six isolated cells in the presumptive labellum region (arrows in Fig. 2a ). The discs were flattened for ease of observation and cells were reproducibly located on the posterior border of each disc. The cells were located relative to the mouth hook and also using the developing pseudotracheal sensilla (stars in Figs. 2a, b) as internal landmarks. The monoclonal antibody 22C10 did not recognize these cells in the 0-hr disc (Fig. 3a) , but stained six clusters of two cells each at corresponding positions in the 2-hr disc (Fig. 3b) . A37 discs stained with antibodies to (3-galactosidase also revealed the presence of two cells in each PBC at this time (Fig. 2b) . Observations on more than ten independent preparations as well as double-labeled A37 preparations suggested that the cells stained by Mab22C10 were the same as those detected in the A37 transformant line. Falk et at (1976) and Nayak and Singh (1983) . Figure 3c shows a disc at 4 hr APF stained with Mab22C10 at an orientation different from that in Fig.  3a or b. The same set of PBCs identified in earlier stages was observed each with two cells. The labial discs undergo fusion by 6 hr APF and the six PBCs observed 4 hr APF can be identified in each half (Figs. 2c, 3d ). Careful examination of stained discs at different levels of foci (boxed-in area in Figs. 2c, 3d) shows the presence of four DEVELOPMENTAL BIOLOGY VOLUME 155, 1993 10, ,i►1
• ti qk Fig. 2d ).
Since the first set of PBCs develop between 0 and 8 hr APF, it was possible to identify the bristles that these PBCs give rise to using the BrdU incorporation technique. BrdU was injected into pupae between 2 and 8 hr APF and animals were allowed to develop to 26 hr APF after which the developing proboscis was dissected out and double-labeled with anti-BrdU and Mab22C10. When BrdU injections were given at any time point between 2 and 6 hr APF, the same set of six PBCs was found to incorporate the label in the 26-hr pupal proboscis (Figs. 4a-d) . The identification was made by observation at different focal planes and labeled PBCs are represented diagrammatically on the adult proboscis in Fig. 5 (black circles) . The bristles formed in the first wave are S5, S7, S9, M4, M5, and M7 (Figs. lb, 5) . None of these PBCs were labeled when pupae were injected 8 hr APF. This suggests that the S phases of all the mitotic cycles giving rise to the cells of the first set of six bristles are completed by 6-7 hr APF.
In the A37 discs, at 6 hr APF we observed a set of faintly staining cells in addition to the six "wave I" PBCs (arrows in Fig. 2c ). These cells become more obvious by 8 hr APF, when eight new PBCs were detected each with two cells (arrowheads in Fig. 2d ). Mab22C10 stains this set of new PBCs at this time (Figs. 3d, e) . The new PBCs (arrowheads in Figs. 2d, 3e ) are seen to be interspersed between the older wave I PBCs (arrows in Figs. 2d, 3e) and could be recognized at different planes of foci in the 8-hr disc. BrdU injections 8 and 10 hr APF (Figs. 4e, f) identified a set of bristles distinct from those labeled by earlier pulses. Analysis of more than 10 preparations allows us to suggest that the bristles denoted S3, S4, S6, S8, S10, M3, M6, and M8 (concentric circles in Figs. lb, 5) are specified in the second wave.
Pupal discs older than 10 hr APF cannot be easily stained with antibodies since the prepupal cuticle surrounds the discs, making them impermeable to antibody penetration. We could, however, continue to follow the development of the PBCs in the A37 line by staining discs for 3-galactosidase activity using the chromogenic reagent X-gal (5-bromo-4-chloro, 3-indoly1-#-D-galactopyranosidase) (Fig. 2e) . Enzymatic activity was detected in the fully differentiated wave I PBCs and the developing wave II PBCs until 16 hr APF. The activity staining does not allow resolution of the individual cells within each cluster (arrows in Fig. 2f ). At 16 hr APF, a new set of 12-15 PBCs could be detected (arrowheads in Fig. 2f ). Staining of older discs from the A37 line did not reveal any new PBCs. The assignment of the wave III PBCs was done by a direct correlation between the stained foci and the adult proboscis (dotted circles in Fig. 5 ). BrdU incorporation experiments were not done at this stage.
Staining with antibodies was again possible in discs at 20 hr APF when the cuticle hardens and can be dissected away to facilitate penetration. The PBCs for all the adult bristles could be recognized by Mab22C10 staining at this stage (Fig. 3f) , Five bipolar neurons could be recognized in the PBCs giving rise to the S and M bristles (Figs. lb, 3g) . Projections from the neuronal cells in each PBC could be traced as they entered the labial nerve. The neurons innervating the pseudotracheal taste pegs (see below; star in Fig. 3f) were also stained.
Activity of lac-Z in 36-hr pupal proboscis from the A37 transformant line became restricted to a single cell in each PBC (arrows in Fig. 2g ). Double labeling with Mab22C10 in X-gal-stained A37 disc allowed us to identify this cell as the tormogen cell. The staining of this cell continued into the adult stage.
The development of other sensory elements arising from the labial disc occurs simultaneously with the labellar taste bristles. The taste pegs in the adult are located on each of five ridges separating the food channels (the pseudotrachea) on each lip of the labellum (Falk et al., 1976; Nayak and Singh, 1983) . Each peg is innervated by a mechanosensory and a chemosensory neuron. These sense organs are first detected in the 0-hr disc (star in Fig. 2a ). Five rows of nuclei were observed in the discs at 6 hr APF and can be followed to their adult form (stars in Figs. 2c-f, 3d-f) .
Cell Replication in the Developing Labial Disc
To follow the lineage of the cells constituting a single bristle, we carried out a detailed analysis on the first set of six bristles to be specified. BrdU was injected at hourly intervals between 2 and 6 hr APF and preparations were stained with an antibody against BrdU and Mab22C10 at 26 hr APF (Figs. 4a-d, g-j) . At this stage the individual cells in each PBC occupy positions corresponding to those in the adult. The trichogen, tormogen, and thecogen cells can be identified based on their relative positions in the cluster. The neurons were identified by double labeling with Mab22C10; no markers exist that allow identification of the type of sensory neuron. BrdU injections 2 hr APF showed significant mitotic activity in the epidermis (Fig. 4a) . Interestingly the epidermal cells immediately surrounding the bristle cluster precursors were not labeled giving a characteristic "halo" appearance (not shown). The mitotic activity in the epidermis decreased by 4 hr APF (Fig. 4b) .
The data from preparations injected between 2 and 6 hr APF are summarized in the lower panel of Fig. 6 . These data were used together with the observations about cell number from A37, A101, and Mab22C10 studies, described above, to construct the lineage of the cells within a single sensillum (Fig. 6) . In three preparations injected 2 hr APF, we found that all the cells in the bristles incorporated BrdU (arrows in Fig. 4a ). However, two preparations from the same batch showed only two labeled cells in each cluster (arrowheads in Fig. 4g ). These two cells were identified as tormogen and trichogen cells. Our observations with the A37 transformant and with Mab22C10 demonstrated the presence of two cells in each cluster in the disc at 2 hr APF (Figs. 2b, 3b) . Hence, the S phase of these cells (PIa and PIb in Fig. 5 ) must occur between 2 and 4 hr APF and one of these cells (PIb) divides to form the trichogen and tormogen cells. The fact that the progenies of PIb could be labeled exclusively suggests that the cell cycles of these two cells are somewhat out of phase. Injections 4 hr APF (n = 6) labeled all the cells of a single bristle (arrows in Fig. 4b ). These data together with our observation that there were only two cells in each PBC until 4 hr APF suggest that PIa and PIb have a prolonged S phase and may vary in onset of division. By 5 hr APF four cells are visible in each PBC (data not shown). BrdU pulses at this time (n = 5) labeled four neurons exclusively (Figs.  4c, i) , in the mature PBC at 26 hr. The identity of these cells as neurons was established by their positions in the cluster and also by double labeling with Mab22C10. This suggests that one of the secondary progenitor cells, PIIa, divides to give two tertiary progenitor cells-PIIIa and PII1b (Fig. 6) . The descendants of these cell are four of the five neurons (Fig. 6 ). These tertiary progenitor cells together with the secondary progenitor PIIb are labeled by BrdU pulses beginning at 6 hr APF (n = 6). Division of these cells results in the labeling of the five neurons and the thecogen (arrows in Figs. 4d, j) . Hence the PIIb cell enters S phase later than its sibling P1Ia; division of PIIb gives rise to the thecogen cell and one of the neurons. Later injections of BrdU do not affect incorporation in any of the six bristles being studied (Figs. 4e, f), but reveal a new set of PBCs.
DISCUSSION
The Labellar Taste Bristles Are Specified in Three Temporal Waves
The appearance of sensory precursors in the A37 labial disc and the subsequent pattern of Mab22C10 staining suggest that the labellar bristles develop in three distinct temporal waves. The first wave occurring 0 hr APF specifies six bristles located in the middle of the adult labellum. Six hours later a second wave of neurogenesis occurs determining eight new bristles which occupy positions intermediate between the first set. Bristles specified in the third wave are located in the peripheries of the labellum. The bristles developing in the first wave therefore appear to act as a "crystallization center," the later bristles developing radially around these. It is tempting to speculate that the differentiation of the "first-wave" PBCs induces the specification of the second set of bristles. The bristles specified in the first two waves have similar neuronal compositions as well as physiological properties. Electrophysiological recordings from the "S"-and "M"-type bristles showed that these had sensitivities comparable to those of sugars and salts. The rest of the labellar bristles which are specified in the third wave show different properties with respect to the bristles arising earlier and with each other. The "I" and "P" bristles are innervated by two or three chemosensory neurons in addition to a mechanosensory neuron.
Temporal waves have been described previously in the development of elements of the central and peripheral nervous system in Drosophila. The segregation of the germline neuroblasts into the embryogenic nervous system takes places in three distinct waves spanning a 3-hr period at 25°C (Hartenstein and Campos-Ortega, 1984) . The sensilla of the thoracic and abdominal segments of the embryo appear in two dorsal-ventral waves across the epidermis (Hartenstein, 1988) . The first wave establishes representatives of each topographic set of sensory organs. The undifferentiated cells of the labial disc are converted to sense organs and epidermal cells in three temporally separated waves of neurogenesis. Mitotic activity in the epidermis occurs out of phase with the neuralizing waves. Maximal mitotic activity in the epidermis of the disc was observed between 2-4 hr APF and 12-16 hr APF. Hence the first wave of mitosis in the epidermis was initiated following the specification of first-wave sensory precursors at 0 hr. In the Drosophila eye, Wolff and Ready (1991) observed a close correlation between pattern formation and the occurrence of mitotic waves in the epidermal cells. They suggested that the divisions could be triggered by contact with differentiating cells. In the proboscis, the epidermal cells immediately adjacent to the PBC do not divide, resulting in an apparent halo around each bristle in the BrdU experiments.
Mitotic activity in the epidermis following a wave of neurogenesis would serve to space the bristles on the adult epidermis (Heitzler and Simpson, 1991) . In the hemimetabolous insect Rhodnius, SMCs for a set of bristles are determined early in each molt cycle (Wigglesworth, 1940) . This is followed by cell division in the epidermis prior to the next molt. At each molt cycle new bristles are added in the spaces between the preexisting ones which have now become more dispersed (Lawrence and Hayward, 1971) .
The specification of the sense organs in temporally separated waves may have important implications in the development of the projections from these sensilla to the central nervous system. In the Drosophila wing, choice of the central projections is determined by the time of birth of the corresponding sensory neuron (Murray et aL, 1984; Palka et aL, 1986; Dickinson and Palka, 1987) . The establishment of nerve pathways by a few "early" neurons has been described in a number of insect systems (Ho and Goodman, 1982; Keshishian and Bentley, 1983; Shankland and Bentley, 1983) . The projections from the wave I bristles reach the central nervous system first and could serve as pioneer axons for the later developing neurons.
The Eight Cells Composing a Single Taste Bristle Share a Common Lineage
The five neuronal and three accessory cells composing a single taste bristle are derived by division of a single SMC. The SMC was detected 0 hr APF in A37 discs. The two cells detected in the discs 2 hr APF are presumably the primary progenitor cells: one of these divides once to give the terminally differentiated trichogen and the tormogen cells; the second cell undergoes a series of divisions to give rise to the thecogen and five neurons. The lack of cellular markers for the different neurons prevents an analysis of the relationships between the five different neurons. The lineage pattern is comparable to the models described for the polyinnervated bristles on the anterior wing margin (Hartenstein and Posakony, 1989) , the labellar bristles of Calliphora (Peters, 1965) , and the antennal sensilla in the silk moth Antheria (Keil and Steiner, 1990) . Several features of the model are comparable to the lineage pattern of the monoinnervated bristles in Drosophila (Bodmer et aL, 1989, Hartenstein and Posakony, 1989; Cagan and Ready, 1989) and in Oneopeltus (Lawrence, 1966) . This lineage pattern poses several questions about cellular specification. At each cell division, the daughter cells adopt different fates. The primary progenitor PIb, for example, divides only once to give rise to the terminally differentiated trichogen and tormogen cells, while its sibling, PIa, undergoes further divisions to secondary and tertiary progenitor cells. The mechanisms that determine these cell fates are not yet understood.
The determination of the sensory progenitor of the chemosensory bristle in the labial disc is under the influence of the achaete-scute (as-sc) complex and the Notch (N) locus. Mosaic patches over the proboscis which are hemizygous for a deletion uncovering the whole as-sc complex lack all labellar sense organs (K. Ray, unpublished). Heat pulses given to N' pupae during development resulted in an increase in the numbers of labellar chemosensory bristles (K. Ray, unpublished). The development of the chemosensory bristles therefore shares many features in common with that of the mechanosensory bristle on the adult wing and notum (Hartenstein and Posakony, 1990; Simpson, 1990; Cubas et al., 1991; Skeath and Carroll, 1991; Heitzler and Simpson, 1991) . Only a few of the candidate genes which act in the later stages of cell fate determination in the sensory nervous system have been identified (Jan and Jan, 1990) .
The relative simplicity of the taste sensillum and its amenability to genetic analysis make it a promising system for the dissection of mechanisms underlying the determination of neuronal specificities and the mechanisms by which these functionally distinct neurons project to their targets in the central nervous system.
